Landau, L. 1., Phelan, P. D., and Williams, H. E. (1974) . Thorax, 29, [304] [305] [306] [307] [308] [309] [310] [311] [312] . Ventilatory mechanics in patients with bronchiectasis starting in childhood. The mechanics of ventilation have been studied in 69 children and young adults with bronchiectasis since childhood. Many were well with little disability and although symptoms had ameliorated in the second decade cough and sputum still persisted.
This study suggests that many patients had generalized small airway disease, as demonstrated by abnormal maximum expiratory flow volume curves together with increased lung volumes and frequency dependence of dynamic compliance. A group of patients was found in whom compliant airways in the bronchiectatic segment may have been contributing to 'slow space' emptying and air trapping.
Postoperative function in those treated surgically related to the extent of persisting disease rather than to the resection itself. In the absence of persisting disease there were no significant changes in lung volumes or elastic recoil after resection of one or two lobes in childhood.
Very few studies have been done on the mechanics of ventilation in young patients with bronchiectasis. The findings reported include reduced maximum mid-expiratory flow, elevated pulmonary resistance, and reduced dynamic compliance (Cherniak and Carton, 1966; Pande, Jain, Gupta, and Guleria, 1971) . However, tests that assess the presence of small airway obstruction and define accurately the elastic recoil have not been performed.
Similarly, there have been very few reports of pulmonary mechanics after lung resection in these patients. Lung volumes have been reported to be greater than predicted for the amount of remaining lung tissue but less than predicted for two lungs (Lester, Cournand, and Riley, 1942; Birath, Crafoord, and Rudstrom, 1947; Peters et al., 1950; Filler, Gomez, and Stone, 1966) . Dynamic compliance was also found to be low (McIlroy and Bates, 1956; Kamener, Becklake, Goldman, and McGregor, 1958) although the distribution of ventilation was usually normal. Studies to determine elastic recoil and tests for the presence of persisting small airway disease ' In receipt of National Health and Medical Research Council Fellowship have not been done in patients who had lung resections in childhood.
The present study was carried out to determine pulmonary mechanics in young people with bronchiectasis. Tests were performed to detect the presence and severity of expiratory flow limitation, as well as to define the relative contributions to this reduced flow of small airway obstruction, large airway disease, and changes in elastic recoil. The effect of lung resections in childhood on the pulmonary mechanics of patients with bronchiectasis was also assessed.
MATERIALS AND METHODS
Sixty-nine patients with bronchiectasis proven at bronchography were studied; their age range is shown in Table I . Letters had been sent to a total of 178 Seventy-two patients agreed to come in and perform the pulmonary function tests and were able to cooperate with the manoeuvres. Two studies were unsatisfactory and one patient with a large shunt due to an atrial septal defect was excluded. Of the other patients, two replied that they were unable to attend and 84 were not traced. None of the tests was performed immediately following bronchography and no patient had an acute respiratory infection at the time of the study.
The onset of symptoms was before 2 years of age in 46 patients and between 2 and 6 years in another 14 patients. The underlying causes are shown in Table II . All patients were treated with antibiotics and postural drainage and 20 also had surgical resections. Those treated surgically had localized disease with significant symptoms persisting into late childhood or early adolescence, whereas those treated medically had either minimal symptoms or marked symptoms with extensive disease. Twenty-five resections were performed on 20 patients between the ages of 3 and 23 years although most were performed at about 14 years of age. The investigations performed were spirometric tests and detailed studies of mechanics of ventilation using a whole body plethysmograph. SPIROMETRY Forced vital capacity (FVC) and forced expiratory volume in one second (FEV,) were measured with a 9-litre expirograph (Godart EP62001). The result was taken as the best of two or three efforts and the volumes, at BTPS, were expressed as a percentage of the predicted normal value for height and sex (Polgar and Promadhat, 1971) . The lower limit of normal for FEV,/VC was taken as 72% (Polgar and Promadhat, 1971) . LUNG VOLUMES Total lung capacity (TLC) and residual volume (RV) were measured in a flow displacement body plethysmograph (Mead, personal communication) by the gas compression technique based on Boyle's Law (Du Bois et al., 1956a) . Details of the technique have been described elsewhere (Landau and Phelan, 1973) . Results were expressed as a percentage of predicted normal for height and sex (Polgar and Promadhat, 1971) .
MAXIMUM EXPIRATORY FLOW VOLUME (MEFV) CURVES An MEFV curve (Hyatt, Schilder, and Fry, 1958) The curve was quantitated by measuring Vmax at a lung inflation of 50% TLC. The absolute Vmax was divided by TLC and expressed as a fraction of a TLC/sec, thus allowing lungs of different size to be compared (Zapletal et al., 1969) . A lower limit of normal established in this laboratory for Vmax at 50% TLC was found to be in agreement with that reported by Zapletal and co-workers (1969) and is 0-41 TLC/sec. Increasing obstruction was demonstrated by increasing convexity of the curve to the abscissa and by a fall in the absolute level of Vmax. Figure 1 demonstrates the patterns of MEFV curves seen.
RESPIRATORY RESISTANCE
Respiratory resistance (Rresp) was measured using the technique of forced oscillation originally described by Du Bois, Brody, Lewis, and Burgess (1956b) . In the present study measurements were made at 4 Hz and resonance was simulated by subtracting a signal proportional to volume from the pressure signal until looping of the pressure flow relationship was at a minimum (Grimby et al., 1968 Airways smaller than about 2-0 mm in diameter (i.e., from bronchioles peripherally) contribute a relatively minor part of the total airways resistance and consequently substantial changes must occur in them before measurements of resistance are significantly altered. A normal measurement means only that the larger airways are not significantly narrowed. In the present study measurement of Rresp was used to identify patients in whom there was no significant narrowing of larger airways during tidal breathing. This would seem to be the main value of any measurement of Rresp using the technique of forced oscillation (Landau and Phelan, 1973 Normal limits for static elastic recoil curves for children, adolescents, and young adults were determined from an analysis of the data of Turner, Mead, and Wohl (1968) and Wohl and Mead (personal communication) .
Conductance of the upstream segment (Gus) at a given lung volume is the ratio of Vmax to static recoil pressure at that volume (Mead, Turner, Macklem, and Little, 1967) . The upstream segment is a zone derived from the concept of the equal pressure point (EPP), which is the point along the airways during a forced expiration at which the external pressure (pleural pressure) is equal to the lateral intrabronchial pressure. The upstream segment includes the airways from the alveoli to this EPP. Gus therefore provides information regarding the contribution of the smaller airways to flow limitation. In the present study Gus was measured at FRC. Above 30% VC the lower limit of normal for Gus is 007 TLC/sec under 18 years of age and 010 TLC/sec over 18 years of age Zapletal et al., 1969) . DYNAMIC COMPLIANCE Dynamic compliance (Cdyn) was measured by relating changes in lung volume to corresponding changes in transpulmonary pressure during tidal breathing at 20, 40, 60, and 80 breaths per minute, as described by Woolcock, Vincent, and Macklem (1969) . Compliance at 40, 60, and 80 breaths per minute was expressed as a percentage of the compliance at 20 breaths per minute, which was taken as the basal level. Frequency dependence of Cdyn was considered present when there was a fall in compliance greater than 25% and a statistically significant difference between the means (P<0-05).
Cdyn becomes frequency dependent when there is maldistribution of ventilation (Otis et al., 1956 ). This can result from disturbance in either the elastic properties of the lung tissues or in the flow-resistive properties of the airways. In the presence of normal elastic recoil and normal Rresp, frequency dependence of Cdyn is likely to be the result of obstruction in the smaller airways which contribute only a small amount of total Rresp. Hence the measurement of frequency dependence of Cdyn is a sensitive test for small airways disease when other tests of lung function are normal (Woolcock et al., 1969) . Normal children and adolescents have not been shown to have frequency dependence of Cdyn when the measurement is made above FRC and at the frequencies used in this study (Macklem, 1971 (Fig. 2) . If the recoil curves were constructed with volume expressed as a percentage of predicted rather than of measured TLC as in Fig. 2 , the curves of seven would be shifted further up as they had increased TLC, but the slope would not be greatly altered. 
DISCUSSION
In bronchiectasis, obliteration of bronchioles and destruction of bronchial walls has been demonstrated pathologically (Whitwell, 1952) but the understanding of the functional effects of these changes has been limited by the precision of methods used for evaluating the disease. Studies of the mechanics of ventilation have created an opportunity for comprehensive evaluation of these lesions. In this study, the present status of the patients varied, 28 patients having intermittent symptoms and 41 persistent cough and sputum. As in most other series (Diamond and van Loon, 1942; Field, 1949; Strang, 1956; Williams and O'Reilly, 1959) , the disease process began in the majority of patients under 5 years of age. Forty-nine were treated medically and 20 surgically. Interpretation of the present status in relation to treatment is limited as the populations were biased by selection. However, six out of nine treated surgically where the disease process was localized have been relieved of their symptoms, whereas in patients with extensive disease, there was no significant difference between those treated medically or surgically. Twenty-eight of the 69 patients no longer have chronic cough, which is very similar to the 33% subsidence of this symptom reported by Field (1961) .
Approximately one-third of the patients showed an abnormality on routine spirometric tests and most of these had other evidence of extensive disease. This is much smaller than reported previously (Smith, Siebens, and Story, 1954; Cherniak et al., 1959; Strang, 1960; Pande et al., 1971) and suggests that this study included milder cases; it may also reflect the natural improvement seen during adolescence (Field, 1961) . Spirometric tests were not of value in grading disease nor in detecting persisting mild abnormalities.
Twenty-nine patients with extensive disease had an elevated Rresp. This compares with 23 out of 31 with elevated Rpulm in the series by Pande et al. (1971) . Their patients had more active and more widespread disease than those in the present series.
TLC was increased in 20 patients, which is comparable to that reported in previous studies (Smith et al., 1954) . The RV/TLC ratio was increased in 23 patients, of whom eight were treated surgically. The higher incidence of an elevated RV/TLC ratio in this study compared with other reports (Etsten, Overholt, Walker, and Reynolds, 1953; Peters et al., 1950) could be related to the use of the plethysmograph for determining lung volumes as this measured trapped gas not detected by the gas dilution techniques. The elevated RV probably resulted from airways closure at an abnormally high lung volume caused by residual airway disease.
Analysis of the MEFV curves suggested a number of different patterns of disease and there was no significant difference between the curves seen in those treated medically and those treated surgically although Vmax tended to be a little slower in those who had resections. The patterns seen in this study were:
1. Generalized convexity of the MEFV curve usually with reduced Vmax, hyperinflation, and in severe cases increased Rresp and abnormal spirometry. This is suggestive of moderate to severe generalized airway obstruction. One patient had a biphasic curve which may indicate severe airway obstruction with or without increased collapsibility of large airways .
2. Those with convexity low in the VC usually with reduced Gus and frequency dependence of Cdyn. In some normal young adults a slight convexity to the x-axis near RV may be normal, but in the present study, only one patient with this shaped curve did not have frequency dependence of Cdyn. Hence, the change in slope near RV is likely to be related to some pathological process. There may have been minor generalized small airways disease causing reduced Vmax at low lung volumes only or alternatively localized disease. Bass et al. (1968) have shown hypoventilation of bronchographically normal areas adjacent to bronchiectatic regions using xenon-133. Procedures used in the present study would not allow separation of these possible causes.
3. Normal curves and normal elastic recoil with frequency dependence of Cdyn would suggest the presence of mild small airway disease.
4. Normal shaped curves with increased RV may be due to locally trapped air which is not expelled during a forced vital capacity manoeuvre, possibly due to compliant bronchi in the diseased segments. In this study, its presence was suggested by frequency dependence of Cdyn in all and reduced Vmax in six of the eight patients with this pattern.
5. The final group with normal MEFV curves and no other abnormality on other tests performed must be considered free of persisting disease.
There have been no previous reports of MEFV curves in patients with bronchiectasis. The convex MEFV curves in association with reduced Vmax and Gus as well as frequency dependence of Cdyn confirms the likely presence of generalized small airway disease. These would be similar to the follicular group described by Whitwell (1952) in which widespread bronchiolar occlusion was noted. This group may also equate with those described by Fraser, Macklem, and Brown (1965) , in whom a reduction in calibre of major bronchi and bronchiectatic segments was noted during forced expiration. With small airway obstruction, the EPP would move rapidly upstream and widespread secondary dynamic compression and flow limitation, especially low in the VC, would occur.
Some patients showed abnormalities that would be consistent with compliant airways in the bronchiectatic segment, producing either change in slope of the MEFV curve low in the VC or gas trapping. This change would be equivalent to that reported by Fraser et al. (1965) in the group with marked reduction in calibre of the major bronchi but not the bronchiectatic segment. In these patients with compliant airways, the EPP would stop moving upstream so that the bronchiectatic segment would be upstream and therefore remain dilated with high pressures. The results seen in these patients were not those reported in generalized bronchomalacia with bronchiectasis (Williams, Landau, and Phelan, 1972) .
Cherniak and Carton (1966) and Pande et al. (1971) The study has shown that following resection of one or two lobes in childhood, TLC, VC, and pulmonary mechanics measured in the remaining lung tissue may be within normal predicted limits for two lungs. One patient had a completely normal study following right middle lobe and left lower lobe resections. Abnormalities in patients who had resections were probably the result of persisting disease (Cook and Bucci, 1961; Foster, Jacobs, and Daniel. 1961) .
CONCLUSION
Detailed studies of the mechanics of ventilation have been carried out in 69 patients with bronchiectasis. The clinical features in this group of patients with long-term follow-up was in agreement with previous reports (Field, 1969; Strang, 1956) This study indicates that generalized small airway disease is common in patients with bronchiectasis as suggested by pathological studies and some previous investigations of pulmonary func-tion (Moore, Kobernick, and Wiglesworth, 1949; Cherniak and Carton, 1966) . The MEFV curve proved the most useful and sensitive practical test to detect this, and a number of different patterns of disease have been related to the changes in the MEFV curves.
In those treated surgically, postoperative function depended on the extent of persisting disease rather than on the resection itself.
